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INTRODUCTION 

I n  October ,  1962, t he  J e t  Propu1sio:i Laborarory fdnded a program a t  

S t an fo rd  Un ive r s i ty  f a r  a s tudy  e n t i t l e d  Mechanical Design Analys is  of 

B i o l o g i c a l  Ins t rumenta t ion .  The primary o b j e c t  of t h e  proposed s tudy  was 

t o  provide mechanical engineer ing  a n a l y s i s  and des ign  support  f o r  S t a n f o r d ' s  

Exobiology program i n  t h e  Genet ics  Department, School of Medicine,  under 

t h e  d i r e c t i o i  of D r .  Joshua Lederberg. A n c i l l a r y  e f f o r t s  were t o  be 

d i r e c t e d  a t  t h e  genera l  a r e a  of mic ra -min ia tu r i za t ion  of mechanical dev ices  

wi th  p a r t i c u l a r  a t t e n t i o n  paid ta energy-s torage  devices  and ingenious 

mechanisms. The major concern of the  program was t o  demonstrate t h e  

f e a s i b i l i t y  of producing a l i f e  d e t e c t i o n  instrument  s u i t a b l e  f o r  space 

a p p l i c a t i o n  based on t h e  else of a f luo rogen ic  i n d i c a t o r  f o r  t h e  d e t e c t i o n  

of enzymes c h a r a c t e r i s t i c a l l y  produced by s o i l  microbes.  The ins t rument  

making use of t h e  enzyme de tec r ion  p r i n c i p l e  i s  k-rrown as t h e  Mark 11 

Mul t iva to r .  

The ins t rument  c o n s i s t s  of twelve r e a c t i o n  chambers i n t o  which a s t ream 

of dus t - l aden  a i r  i s  in t rodzced  and t h r e e  dummy chambers f o r  c o n t r o l  pur-  

poses .  I n  ope ra t ion  a saxple  of diisc i s  depos i t ed  i n  t h e  r e a c t i o n  chambers 

whereupon t h e  chambers a r e  sea led  and s c l v e n t  i s  i n j e c t e d .  A p e l l e t  of 

chemicals which has  been s to red  ir, each r e a c t i o n  chamber d i s s o l v e s .  The 

p e l l e t ,  a l s o  c a l l e d  t h e  "stibstratel ' ,  con ta ins  a f l o u r e s c e n t  compound and 

a f lod rescence  i n h i b i t o r  upon which t h e  enzymes a c t .  The r e a c t i o n  begins  

and a f t e r  some minutes ,  f l ou rescen t  e x c i t a t i o n  lamps a t  each chamber a r e  

turned  on one a t  a t i m e .  A pho tomul t ip l i e r  tube d e t e c t s  t h e  f l o u r e s c e n t  

l i g h t  i n t e n s i t y  i n  each chamber. The r e s u l t i n g  s i g n a l  i s  then  d i g i t i z e d  

and t r ansmi t t ed  t o  Ea r th .  An advanced model of  t h e  Mark I1 Mul t iva to r  

i s  shown i n  F igure  1. 

Bas ic  a r e a s  inves t iga t ed  include:  

1. The s t o r a g e ,  t r a n s f e r ,  ayd va lv ing  of s o l v e n t s  Jsed i n  t h e  

biochemical  exper 1 I e + t  s .  

2 .  Means f o r  d i s t i  L L >  r i-Ig d u s t  samples t o  the  v a r i o u s  t e s t  chambers 

i n  t h e  instrumenc. 





3 .  S e a l i n g  t h e  t e s t  chambers from t h e  Mar t ian  atmosphere. 

4 .  High e f f i c i e n c y  energy s t o r a g e  and convers ion  a s  r e l a t e d  

t o  the  a c t u a t i o n  of mechailisms. 

The exper ience  acqui red  during t h e  s tudy  of t hese  problem a r e a s  has  

r e s u l t e d  i n  t h r e e  s e p a r a t e  monographs n o t  included wi th  t h i s  r e p o r t  (l)*, 

(2), ( 3 ) .  These monographs d e a l  w i th  e l e c t r o e x p l o s i v e  dev ices ,  energy 

s t o r a g e  i n  smal l  b a t t e r i e s ,  and r e c e n t  advances i n  mechanisms. They re -  

s u l t e d  from l i t e r a t u r e  s t u d i e s  conducted t o  determine t h e  s t a t e - o f - t h e -  

a r t  i n  a r e a s  r e l a t e d  t o  t h e  des ign  of t h e  Mark I T  Mul t iva to r  and o t h e r  

l i f e - d e t e c t i o n  in s t rumen ta t ion .  I n  a d d i t i o n ,  a s tudy  of s m a l l  motors w a s  

undertaken,  bu t  w e  were unable  t o  i d e n t i f y  s u f f i c i e n t  q u a n t i t a t i v e  i n -  

format ion  i n  t h i s  s p e c i a l i z e d  a rea  t o  compile a meaningful monograph. 

The e l e c t r o e x p l o s i v e  device  monograph (1)  q u a l i t a t i v e l y  d i s c u s s e s  such 

f a c t o r s  a s  power-to-weight, power-to-size r a t i o s ,  func t ion ing  t i m e ,  con- 

s t r u c t i o n ,  and t r i g g e r i n g .  Typical  of such dev ices  i s  the  bel lows motor,  

which produces f o r c e  and motion dur ing  t h e  combustion of an  exp los ive  

charge confined i n  an  e x t e n s i b l e  cas ing .  The s m a l l  b a t t e r y  monograph (2)  

d i s c u s s e s  commercially a v a i l a b l e ,  higki performance b a t t e r i e s  weighing l e s s  

t han  four  ounces.  They a r e  compared t o  o b t a i n  t h e i r  r e l a t i v e  energy 

s t o r a g e  d e n s i t i e s  on a weight and volume b a s i s .  I n  t h e  t h i r d  monograph ( 3 ) ,  

on mechanisms, a l a r g e  number of devices  a r e  desc r ibed  and i l l u s t r a t e d ,  

i nc lud ing  toggle-spr ing  mechanisms, c l u t c h e s ,  c o u p l i x s ,  l a t c h e s ,  cams, 

and cyc l ing  mechanisms. 

This  r e p o r t  p r i m a r i l y  o u t l i n e s  t h e  d e s i g n  and e v a l u a t i o n  of t h e  

Mark I1 Mul t iva to r .  Problem areas  encountered i n  t h e  des ign  of t h e  Mark I1 

Mul t iva to r  a r e  desc r ibed .  Plans f o r  f u t u r e  work on t h e  Mark I1 Mul t iva to r  

t o  be  cont inued under NASA sponsorship,  are d i scussed ,  
-_-_. 

--c . I I ' 2 -  

-_ QJr/, 0 A&,-*;; , i ,', .I' L( I , , .' . , ,/< I v  

. ib ". * i ' - .,- 

$k Numbers i n  parentheses  r e i e r  t o  r e f e r e n c e s  i n  t h e  Bibl iography.  
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DESIGN CRITERIA FOR THE MARK I1 MELTIJIATOR 

The primary goal of the Mark I1 Multivator program was to design an 
instrument with the lowest practicable weight and power consumption, 

capable of withstanding heat sterilization, six months of flight through 

hard space, and the shock of launch and landing. Once on Mars, the instru- 

ment must tolerate exposure to temperatures ranging from -120' to +3OoC. 

and operate reliably in a temperature-conditioned ambient of approximately 

20°C. with an atmospheric pressure of 10 to 100 millibars. 

During the early stages of the program, the Multivator was envisioned 

t o  include both a dust pick up device and a miniature analysis laboratory. 

However, by December 1963, the program had advanced to the point where it 

now seemed desirable to have a more flexible system, namely one that could 

use a number of different types of pick up devices as well as various 

sample preparation techniques. In a meeting at Stanford on December 18, 

1963, attended by representatives of Stanford University, Litton Industries, 

and the Jet Propulsion Laboratory it was decided to change the Mark I1 

Multivator to an analysis instrument only. Accordingly, the design was 

revised to accommodate the aerosol provided by sample collection and pre- 

paration devices located elsewhere in the life-detection system. Concept 3 
of the Mark I1 Multivator, described in detail later in this report, 
contains all the mechanism and circuitry necessary to detect life, and has 

a port to receive a sample delivered from an external aerosol generator. 

The mechanical design constraints were as follows: 

1. Number of test chambers e . e a 

2. Number of control chambers . . . . 
3. Chamber volume . . . . . . . . . . 
4 .  Instrument volume . e . . . . 
5. Weight . . . . . . . e . 
6. Power . . . * .  . . e e 

(For mechanisms operation only; not 

7.  Aerosol stream a . . . . 
8. Dust particle characteristics . 

9. Sample size e e . 
6 

. 12 

. 3  

. 0.001 in 
e less than 50 in 

3 

3 

less than 2 lbs. 

a less than 112 watt 

inc lud ing e lec tr onic s) 

. 10 cfm at 0.5 psia with 3 dust density of 0.5 gramslft. 
density of 1 to 2, with size 
range of 10 to 100 microns diam. 

10 milligrams per chamber 
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Particular consideration was given to the possibility of volumetric 

changes in the solvent storage chambers during exposure to temperature 

extremes. For example, the solvent storage chambers of Concept 3 contain 
a piece of air-filled, closed-cell foam material to accommodate changes 

in liquid volume. 

Sterilization of the instrument is presently planned as a two-step 

operation. First the Multivator, less substrate, will be sterilized by 

heating to 135°C. for 36 hours. The substrates, sterile as a result of 

production under sterile conditions, are next installed in the instrument 

in a sterile assembly box. Consideration is also being given to the 

possibility of using ethylene oxide gas for sterilization of the instrument. 

7 
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MARK I1 MCLTTVATOR, CONCEPT 1 

The Model I1 M u l t i v a t s r ,  Coicept 1, shown i n  Figure 2 ,  u ses  deformable 

and f r a n g i b l e  diaphragms f o r  valving s p e r a t f o n s ,  an  e l e c t r i c a l l y  t r i g g e r e d  

exp los ive  charge f o r  va lve  a c t u a t i o n  and so lven t  i n j e c t i o n ,  and a metal  

bellows f o r  s t o r i n g  so lven t .  

De ta i l ed  Desc r ip t ion  and Operation 

This  concept c o n s i s t s  of 15 r e a c t i o n  chambers arranged i n  a c i r c l e  

surrounding a c e n t r a l  valving manifold,  shown schemat i ca l ly  i n  F igu re  3 .  

The a e r o s o l  e n t e r s  and e x i t s  the r e a c t i o n  chambers through t h e  manifold 

a r e a  fol lowing the  path ind ica t ed  by the  arrows. While passing through 

the  r e a c t i o n  chamber, the ae roso l  strea.n i s  g r e a t l y  reduced i n  v e l o c i t y  

as i t  swir ls  around the  w a l l s  of t he  chamber. The combined e f f e c t s  of t h e  

reduced v e l o c i t y  and s w i r l i n g  a e r o s o l  s t ream b r ing  the d u s t  p a r t i c l e s  ou t  

of suspension a g a i n s t  t he  chamber w a l l s .  The w a l l s ,  which have been coated 

wi th  a s t i c k y  substance,  c o l l e c t  t h e s e  p a r t i c l e s  while  t he  a i r  con t inues  

out  of t h e  chamber, 

A f t e r  a sample has been c o l l e c t e d  i n  t h e  chambers, an  exp los ive  charge 

i s  f i r e d  which i s  loca t ed  between t h e  two metal  diaphragms placed r e spec -  

t i v e l y  on each s i d e  of t h e  entrance and e x i t  manifold,  The en t r ance  and 

e x i t  t o  each chamber a r e  sealed by the  diaphragm expansion, i s o l a t i n g  t h e  

chambers from one another  as shown i n  F igu re  4 ,  s t a g e  5 .  

Next, so lven t  i s  introduced i n t o  each chamber from a common so lven t  

c o n t a i n e r  l oca t ed  above the chambers, as shown i n  Figure 3 .  During previous 

s t a g e s  of o p e r a t i o n  and space f l i g h t ,  t he  so lven t  has been i s o l a t e d  i n  i t s  

d o n u t - l i k e  con ta ine r  by a f o i l  membrane which blocks the  passages leading 

t o  t h e  r e a c t i o n  chambers. During so lven t  i n j e c t i o n ,  an exp los ive  charge 

above the  s o l v e n t  con ta ine r  fo rces  p ins  a t t ached  t o  t h e  upper cap through 

t h e  membrane. Fu r the r  motion of t he  upper cap f o r c e s  s o l v e n t  i n t o  the  

chamber u n t i l  i t  bottoms aga ins t  t h e  lower cap and s e a l s  a l l  15 chambers. 

The mechanical ope ra t ions  a r e  then complete and a per iod of i ncuba t ion  

followed by obse rva t ion  t i . .~ , ies  
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FIGURE 2 .  MARK I1 MULTIVATOR, CONCEPT 1, INTERNAL MECHANISM 
AND PB9'i2XLJLTIPLIER REMOVED FROM CASE. 
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With this concept, the substrate necessary for the bio-chemical 

reactions could either be located in the sticky material on the chamber 

walls or in the passageway leading from the solvent container to the 

chambers. The latter method would allow dry storage, the substrate being 

kept between two foil membrances which burst upon solvent injection. 

There are two windows in each reaction chamber positioned perpendicu- 

larly to each other as shown in Figure 3 .  Filtered light from a light 

source enters the side window and illuminates the solution in the reaction 

chamber. Flourescent light emanating from the solution passes through 

the window in front of the photomultiplier. The exit window has a filter 

which transmits light only at the wavelength of the flourescent light. 

In this manner, reflected light from the primary light source is prevented 

from reaching the photomultiplier, 

Advantages and Disadvantages of Concept 1. 

The major advantage of Concept 1 is its small size and light weight. 

Additionally, it contains no parts which slide or move over each other 

during any phase of operation. All motions occurring involve deformations 

of thin-walled elements in the device. 

The valving mechanism in the area where dusty and gritty material 

passes is a soft, deformable material. This is advantageous since the 

valve can form over bits of dust and still seal. 

A major disadvantage to this design is that it requires a residual 
gas pressure to maintain a seal. This means that the two areas in which 

squibs are fired must be absolutely gas tight. Tests showed two ways in 

which gas pressure could be lost. The first was from gas escaping through 

the juncture between the two diaphragms. The second mechanism causing a 

loss in residual gas pressure was the cooling of the gases from combustion 

temperature to environmental temperature. Malfunctioning in the seal area 

was considered particularly detrimental because any leakage of gases or 

liquids could contaminate the Martian environment. 

Another disadvantage of Concept 1 was its circuitous aerosol passage- 

way. This resulted from both desiring the photomultiplier tube to view 

the sample reaction chamber through the bottom of the test chamber, and 

1 2  



desiring a symmetrical path for transport of test particles from the 

Martian surface to the reaction chambers. There are several bends and 

changes in cross-sectional ar'ea where portions of the sample may drop out 

of suspension before reaching the chambers. 

flow resistance which increases the power requirements for the aerosol 

generator. 

These bends also cause high 
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FIGURE 5.  CONCEPT 2 ,  SPRING ACTUATED VALVING 
WITH BELLOWS SOLVENT STORAGE 
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FIGURE 6.  CONCEPT 2 ,  ENTRANCE AND E X I T  HOSES 
ATTACHED TO REACTION CHAMBERS 



MARK I1 MUZTIVATOR, COKCEPT 2 

The Concept 2 M u l t i v a t o r ,  shorn i n  F igu re  5, u s e s  e l e c t r i c a l l y -  

r e l e a s e d ,  compressed s p r i n g s  as  an  energy source ,  p inchab le  tubes f o r  

va lv ing ,  and i n d i v i d u a l  bellows f o r  s t o r i n g  s o l v e n t .  The so lven t  i s  

s e a l e d  i n  each be.llows by a f r a n g i b l e  diaphragm. 

D e t a i l e d  Desc r ip t ion  and Operation 

Concept 2 has  b a s i c a l l y  the same c i r c u l a r  r e a c t i o n  chamber 

arrangement as Concept 1. The a e r o s o l  e n t e r s  through a f l e x i b l e  

t u b e ,  pas ses  through t h e  chamber d e p o s i t i n g  d u s t  on t h e  s t i c k y  chamber 

w a l l s ,  and cont inues ou t  t h e  o the r  f l e x i b l e  tube.  

The r e a c t i o n  chambers a r e  i n d i v i d u a l  u n i t s  w i th  tubes c a s t  

i n t e g r a l l y  i n t o  the  w a l l ,  a s  shown i n  F igu re  6 .  The hoses are loca ted  

a t  opposing p o s i t i o n s  i n  t h e  r e a c t i o n  chambers, caus ing  t h e  a e r o s o l  t o  

s w i r l  a long the w a l l s  as it passes  through t h e  chamber. The en t r ance  

hoses  a re  c l u s t e r e d  i n s o  a bundle and i n s e r t e d  i n t o  a common a e r o s o l  

supply hose.  The e x i t  hoses a r e  very s h o r t  t o  reduce a i r  flow 

r e s i s t a n c e .  

Concept 2 i s  spring-powered, t h e  s p r i n g s  being compressed a t  

assembly. The s p r i n g s  a r e  held i n  t h e  compressed p o s i t i o n  by l eng ths  

of h i g h - r e s i s t a n c e  nichrome wire. When i t  i s  necessa ry  t o  e i t h e r  c l o s e  

t h e  a e r o s o l  passages o r  i n j e c t  t h e  s o l v e n t ,  a n  e l e c t r i c  c u r r e n t  i s  

passed through t h e  a p p r o p r i a t e  set  of w i r e s ,  causing them t o  h e a t ,  y i e l d ,  

and release t h e  compressed sp r ing  which performs t h e  mechanical o p e r a t i o n  

d e s i r e d .  

There are two s p r i n g s  i n  Concept 2 ,  which p rov ide  energy f o r  va lv ing  

and so lven t  i n j e c t i o n .  One spr ing i s  v i s i b l e  i n  F igu re  5. The o t h e r  

s p r i n g  i s  l o c a t e d  w i t h i n  t h e  v e r t i c a l  aluminum tube  i n s i d e  t h e  f i r s t  

s p r i n g .  When t h e  inne r  spr ing i s  r e l e a s e d ,  i t  d r i v e s  a plunger  down 

which c o l l a p s e s  and s e a l s  t he  hoses l ead ing  t o  and from each r e a c t i o n  

chamber. 

15 small bellows t h a t  s - '  73 i n d i v i d u a l  s o l v e n t  c o n t a i n e r s  f o r  t h e  15 

r e a c t i o n  chambers. When T ' , :  0:ter s p r i n g  i s  r e l e a s e d ,  t h e  h y d r o s t a t i c  

The o u t e r  s p r i n g  a c t s  a g a i n s t  a r i n g  t o  which a re  a t t a c h e d  

16  
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p r e s s u r e  generated i n  each bellows r u p t u r e s  a f o i l  membrane s e a l i n g  t h e  

s o l v e n t  from t h e  chamber. A s  the  so lven t  f i l l s  t h e  chamber, i t  compresses 

t h e  a i r  i n  t h e  chamber i n t o  a t i n y  bubble. The i n d i v i d u a l  bellows keep 

t h e  r e a c t i o n  chambers independent and i s o l a t e d  from each o t h e r  a t  a l l  

t i m e s  du r ing  so lven t  i n j e c t i o n .  

Advantages and Disadvantages of Concept 2 

The Concept 2 des ign  el iminated t h e  need t o  ma in ta in  a r e s i d u a l  gas . 

p r e s s u r e  f o r  s e a l i n g .  I n s t e a d ,  s p r i n g s  p rov ide  a s t eady ,  p r e d i c t a b l e ,  

s e a l i n g  f o r c e .  Also, hoses of c o n s t a n t  diameter conduct t h e  a e r o s o l  

stream d i r e c t l y  i n t o  t h e  chambers, t hus  e l i m i n a t i n g  a t o r t u o u s  p a t h .  

Each r e a c t i o n  chamber has  i t s  own so lven t  c o n t a i n e r ,  making p o s s i b l e  a 

d i f f e r e n t  so lven t  f o r  each chamber. 

A disadvantage i s  t h e  high p r e s s u r e  l o s s  through t h e  tubes l ead ing  

t o  t h e  chambers. The p h y s i c a l  s i z e  of t h e  chamber l i m i t s  t h e  diameter  

of c i r c u l a r  hose which can be p u t  i n t o  a chamber. However, t h e  p r e s s u r e  

l o s s  could be somewhat reduced by ex t rud ing  s p e c i a l  hoses  of r e c t a n g u l a r  

c r o s s - s e c t i o n  having a l a r g e r  a r e a  than  t h e  c i r c u l a r  hose p r e s e n t l y  

used .  

Another disadvantage i s  t h a t  t h e  nichrome w i r e  t r i g g e r i n g  scheme 

r e q u i r e s  excess ive  power compared t o  schemes u s i n g  squ ibs  o r  f u s i b l e  

1 i n k s .  
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MARK I1 MULTPVATOR, CONCEPT 3 

Concept 3 i s  a culmination of t h e  experience gained on Concepts 1 

and 2 ,  s t u d i e s  r ega rd ing  t h e  problem of a i r  bubbles i n  t h e  r e a c t i o n  

chambers, and t h e  d e c i s i o n  mentioned ea r l i e r ,  which r equ i r ed  t h a t  t h e  

M u l t i v a t o r  be an a n a l y s i s  instrument only .  Concept 3 e l i m i n a t e s  t h e  

most o b j e c t i o n a b l e  f e a t u r e s  of Concepts 1 and 2 ,  i n  p a r t i c u l a r ,  un- 

r e l i a b l e  s e a l i n g ,  t h e  p o s s i b i l i t y  of contaminating t h e  environment i n  

t h e  event  of o p e r a t i o n a l  f a i l u r e ,  and t h e  p o s s i b i l i t y  of cross-contam- 

i n a t i o n  of r e a c t i o n  chambers. 

system redundancy thereby i n c r e a s i n g  r e l i a b i l i t y  and p r o b a b i l i t y  of 

mis s ion  success .  Furthermore,  i t s  t o t a l  volume i s  only 4 2  i n 3 ,  weight 

less  than 1.4 l b s . ,  wi th  a power requirement under one-half  w a t t .  

The modularized des ign  of Concept 3 adds 

The d i s t i n c t i v e  f e a t u r e s  of Concept 3 i nc lude  a modularized r e a c t i o n  

chamber assembly, explosive-charge bcllows motors f o r  v a l v e  a c t u a t i o n  

and so lven t  i n j e c t i o n ,  and a motor-driven c e n t r i f u g a l  d u s t  s e p a r a t o r .  

The r e a c t i o n  chamber assembly, t h e  housing enc los ing  t h e  r e a c t i o n  

chambers, t h e  p h o t o m u l t i p l i e r ,  and e l e c t r o n i c s  are  shown i n  F igu re  1. 

Detaii.eci Desc r ip t ion  lid Operation 

Concept 3 c o n s i s t s  of 1 5  m d u l e s  arranged i n  a c i r c u l a r  p a t t e r n ,  

w i t h  an  impe l l e r  i n  t h e  ceriter as shown i n  F igu re  1. Each of t h e  modules 

c o n s i s t s  of a r e a c t i o n  chamber, solver, t  s t o r a g e  chamber, tapered va lve  

p i n ,  explosive-charge bellows motor, and l i g h t  sou rce ,  as shown i n  

F i g u r e  7 .  

I n  ope ra t ion ,  dus t -bea r ing  a i r  i s  drawn through t h e  impe l l e r  and 

i n  f r o n t  of t he  r e a c t i o n  chambers. The impe l l e r  impacts p a r t i c l e s  i n t o  

t h e  r e a c t i o n  chambers where they s e t t l e  o r  are captured by a s t i c k y  

c o a t i n g .  Upon completion of t h e  p a r t i c l e  c o l l e c t i n g  o p e r a t i o n ,  t h e  

bel lows motors are  e l e c t r i c a l l y  t r i g g e r e d .  Expansion of t h e  bellows 

r e s u l t s  i n  s e a l i n g  of t he  r e a c t i o n  chambers and i n j e c t i o n  of t h e  s o l v e n t .  

The i n j e c t i o n  and valving mechanism o p e r a t e s  as fol lows:  The tapered 

v a l v e  s t e m  t e l e scopes  i p t o  the  p i s t o n  s h a f t  as shown i n  F igu re  7 .  A 

p a r t i a l l y  compressed c o i l  .:ring i s  mounted on t h e  va lve  s t e m .  A shea r  
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AFTER FIRING 

Aerosol Input 8 Yotor-lmpeller Assemble 
Reaction Chamber Block 9 ?hotomultiplier Tube 
Reaction Chamber 10 Light Pipe 
Diaphragm 11 Llounting Bracket 
Valve Stem,Tiston,Shear Pin,Spring 12 Excitation Lamp 
lnjection-Valving Unit Housing 13 Solvent, Pre F; Post Actuation 

7 I Foam Displacement Pad I 14 I Bellows Bfotor,Pre P, Post Actuati 

FIGURE 7 .  CONCEPT 3 ,  MODULE CROSS-SECTION 
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p i n  ho lds  t h e  s t e m  i n  t h e  p i s ton  s h a f t ,  The p i s t o n  s h a f t  i s  s tepped 

s o  t h a t  dur ing  t h e  i n i t i a l  p a r t  of t h e  s t r o k e ,  no s o l v e n t  can flow 

p a s t  t h e  s t a t i o n a r y  "0" r i n g  s e a l ,  A p i e c e  of a i r - f i l l e d ,  c l o s e d - c e l l ,  

e l a s t i c  foam is  loca ted  between t h e  so lven t  and p i s t o n .  The e n t i r e  

so lven t  chamber i s  sea l ed  p r i o r  %o opera t ion  by means of a t h i n  

diaphragm placed  i n  f r o n t  of the poin ted  va lve  t i p .  This  seal  i s  

necessary  t o  con ta in  t h e  water dur ing  s i z e r i l i z a t i o n  and space f l i g h t  

and i s  ruptured  by t h e  va lv ing  mechanism dur ing  so lven t  i n j e c t i o n .  

Upon f i r i n g  t h e  bellows motor, %he p i s t o n  compresses t h e  foam 

whi l e  t h e  va lve  t i p  p i e r c e s  the  diaphragm. When t h e  va lve  i s  sea t ed ,  

t h e  shear  p i n  breaks ,  pe rmi t t i ng  t h e  p i s t o n  t o  cont inue  t o  move whi le  

t h e  va lve  remains sea t ed  due %o t h e  f o r c e  exe r t ed  by t h e  sp r ing .  When 

t h e  s t e p  on t h e  p i s t o n  s h a f t  passes the  110" r i n g  seal ,  so lven t  flows 

i n t o  t h e  r e a c t i o n  chamber due t o  t h e  a i r  p r e s s u r e  p rev ious ly  e s t a b l i s h e d  

i n  the  compressed foam. T h e  p i s t o n  cont inues  t o  move u n t i l  t h e  r e a c t i o n  

chamber i s  f i l l e d  wi th  so lven t ,  The a i r  t rapped i n  t h e  r e a c t i o n  chamber 

immediately a f t e r  va lve  c losu re  i s  reduced t o  a smal l  bubble due t o  

r e l a t i v e l y  h igh  s o l v e n t  i n j e c t i o n  p res su res .  The c losed  p o s i t i o n  of 

t h e  va lve  can be seen i n  Figure 7 .  The va lve  i s  he ld  i n  t h e  c losed  

p o s i t i o n  by means of a r e s i d u a l  f o r c e  suppl ied  by t h e  expanded bel lows,  

The c l o s e d - c e l l  foam i s  compressible,  which permi ts  t h e  p i s t o n  t o  

move whi le  so lven t  remains confined i n  the r e a c t i o n  chamber. The c losed-  

ce l l s  of t h e  foam a l s o  prevent- av.y a i r  bubbles  from be ing  i n j e c t e d  i n t o  

t h e  r e a c t i o n  chamber. The compress ib i l i t y  of t h e  foam permi ts  expansion 

of t h e  so lven t  due t o  p o s s i b l e  f r e e z i n g  o r  whi le  t h e  module i s  sub jec t ed  

t o  h igh  s t e r i l i z a t i o n  temperatures 

Technical  Discuss ion  

Du s t S epara  t ion 

The Mul t iva tor  paCkdg€ i s  provided wi th  a stream of a i r  con ta in ing  

d u s t  p a r t i c l e s  i n  suspension,  The problem i s  how t o  remove t h e  p a r t i c l e s  

from t h e  a i r  and depos i t  t l-prn wi th  uniform q u a n t i t y  and p a r t i c l e  s i z e  

d i s t r i b u t i o n  i n  each of ; ?  r eac t ion  chambers. S p e c i f i c a l l y ,  t h e  p a r t i c l e s  

have a s i z e  range from 10 t o  100 microns d iameter ,  d e n s i t y  of 1 t o  2 ,  and 
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a re  obtained from a 10 cfm. ae roso l  stream a t  0.5 p s i a  Mart ian atmos- 

p h e r i c  p r e s s u r e .  

A type of c e n t r i f u g a l  dust  s e p a r a t o r  w a s  designed which makes u s e  

of a motor-driven impe l l e r  t h a t  imparts  r a d i a l  v e l o c i t y  t o  t h e  a i r - b o r n e  

d u s t  p a r t i c l e s .  The r e a c t i o n  chambers are arranged around t h e  impe l l e r ,  

which i s  t h e  vaned s t r u c t u r e  i n  t h e  c e n t e r  of t h e  Mul t iva to r  module a r r a y  

shown i n  F igu re  1. A i r  pas ses  through t h e  impe l l e r  and o u t  t h e  ex i t  p o r t ,  

as shown i n  F igu re  7 .  Dust p a r t i c l e s  a c q u i r e  s u f f i c i e n t  momentum from 

t h e  i m p e l l e r ,  which t u r n s  a t  about 15,000 rpm, t o  c a r r y  them i n t o  t h e  

r e a c t i o n  chamber where they e i t h e r  s e t t l e  due t o  s t a g n a t i o n  cond i t ions  

o r  are  r e t a i n e d  by a s t i c k y  coa t ing  on t h e  chamber w a l l .  

The d u s t  s e p a r a t o r  has  been t e s t e d  u s i n g  t h e  l u c i t e  r e a c t i o n  chamber 

assembly shown i n  F igu re  8. I n  t h i s  t es t  assembly, t he  i n l e t  h o l e  w a s  

bored through t h e  w a l l  of t h e  r e a c t i o n  chamber f a r t h e s t  away from t h e  

i m p e l l e r .  During t h e  tests,  a s t r i p  of b l ack  adhesive t a p e  was wrapped 

around t h e  l u c i t e  r i n g ,  s e a l i n g  t h e  opening i n  t h e  r e a c t i o n  chamber w a l l s .  

The s t i c k y  c o a t i n g  of t h e  t ape  cap tu red  talcum powder p a r t i c l e s  t h a t  were 

used  t o  g ive  a q u a l i t a t i v e  i n d i c a t i o n  of d u s t  c o l l e c t i o n  e f f e c t i v e n e s s .  

A s t r i p  of t a p e  produced during d u s t  c o l l e c t i o n  tes ts  i s  shown i n  

F i g u r e  8 .  

I m p e l l e r  Drive Motor S e l e c t i o n  

A sea rch  w a s  made f o r  an impe l l e r  d r i v e  motor with i n p u t  power of 

1 / 2  t o  1 w a t t ,  a peak e f f i c i e n c y  of 30% o r  more, and a speed of 

10,000 rpm o r  more. Information w a s  gathered on a.c.  motors,  and d . c .  

motors with and without  brushes.  

The a .c .  motors were considered because they p o t e n t i a l l y  have 

g r e a t e r  r e l i a b i l i t y  than d.c .  motors i f  t h e  l a t te r  u s e  brushes.  The 

l i f e  of an a.c. motor, f o r  example, i s  l i m i t e d  p r i m a r i l y  by i t s  bea r ings ,  

However, a .c.  motors r e q u i r e  an i n v e r t e r  i n  o r d e r  t o  o p e r a t e  from a 

b a t t e r y  power supply which lowers t h e  o v e r a l l  power conversion e f f i c i e n c y ,  

and s m a l l  a .c.  motors are t y p i c a l l y  no t  very e f f i c i e n t .  Stock motors 

i n  t h e  frame s i z e  and power output range of i n t e r e s t  were n o t  l oca t ed ,  

however, a c o n s u l t i n g  f i rm  was l o c a t e d  with t h e  c a p a b i l i t y  of custom 

2 1  



I* 
1. 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

FIGURE 8. TEST MODEL OF IMPELLER DUST COLLECTOR 

FIGURE 9 .  MINIATURE MOTOR, THE MICRO-MO 
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des ign ing  a motor t o  s u i t  ou r  requirements.  

Conventional d o c .  motors were more promising from t h e  s t andpo in t  

of a v a i l a b i l i t y ,  Two d o c .  motors were l o c a t e d  which appear t o  be 

s u i t a b l e  f o r  t he  p r e s e n t  a p p l i c a t i o n .  Both motors r e q u i r e  less than  

1 w a t t  power i n p u t ,  have e f f i c i e n c i e s  b e t t e r  than 40%) and u s e  metal 

brushes.  One motor, c a l l e d  the "Micro-Mo" i s  made i n  Germany. T h i s  

motor, shown i n  F igu re  9 ,  works i n  a manner s imi la r  t o  t h a t  of a 

D'Arsonval meter movement, The r o t o r ,  which has  t h e  shape of a t h i n -  

wal led cup, con ta ins  no i r o n  and c o n s i s t s  almost e n t i r e l y  of copper w i r e s  

bonded toge the r  t o  form a s i n g l e  s t r u c t u r e .  Each of t h e  two brush 

a s sembl i e s  c o n s i s t  of s e v e r a l  s t r i p s  of small diameter w i r e  clamped 

t o g e t h e r  

The o t h e r  motor i s  made i n  Japan by Japan Micromotors. Th i s  motor, 

shown i n  Figure 10,  u s e s  metal brushes which r o t a t e  on t h e  commutator 

s u r f a c e  with very l i t t l e  s l i d i n g .  A s  a r e s u l t ,  motors u s i n g  t h e s e  brushes 

b a s i c a l l y  have e f f i c i e n c i e s  b e t t e r  than 60% with power i n p u t  i n  t h e  range 

of 112 t o  1 w a t t .  These motors are p r e c i s e l y  made and have been used t o  

d r i v e  s a t e l l i t e - b o r n e  instruments .  

The Japanese and German motors p rev ious ly  descr ibed appa ren t ly  do 

n o t  have c o u n t e r p a r t s  manufactured i n  t h e  United States. Min ia tu re ,  

American-made d o c .  motors of high q u a l i t y  are n e i t h e r  small enough nor  

e f f i c i e n t  enough f o r  our purposes.  

The p o s s i b l e  d e t r i m e n t a l  e f f e c t  of a r a r e f i e d  Mart ian atmosphere 

and many months of s t o r a g e  i n  a space vacuum on brush performance 

remains t o  be determined. Since t h e  motor o p e r a t e s  only f o r  a few 

minutes i n  t h i s  a p p l i c a t i o n ,  the e f f e c t  of a r a r e f i e d  atmosphere may 

n o t  be s i g n i f i c a n t .  Many t e s t s  of t h e  d u s t  c o l l e c t i o n  system have been 

made i n  a r a r e f i e d  atmosphere with no appa ren t  harm t o  t h e  d . c .  motor 

u sed .  

The problem of brush wear could be by-passed by u s i n g  a b r u s h l e s s  

d . c .  motor. Motors of t h i s  t y p e  are  n o t  r e a d i l y  a v a i l a b l e  i n  small 

s i z e s ,  and would probably n o t  o f f e r  any g r e a t e r  e f f i c i e n c y  than a n  

a . c ,  motor. 
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Bellows Motors 

An exp los ive  charge b e l l o w s  motor i s  used f o r  o p e r a t i n g  t h e  

va lve  and so lven t  i n j e c t i o n  p is top  i n  Each module, The p a r t i c u l a r  

bellows motors used i s  a Hercules Poxdpr Company Type EA3LK7, which 

p rov ides  a 20 l b .  f o r c e  over a 318 inch s t r o k e .  The device i s  

e l e c t r i c a l l y  t r i g g e r e d  by applying a 5 v o l t ,  1 ampere,  p u l s e  f o r  

0 .6  mi l l i s econds .  The energy r equ i r ed  f o r  t r i g g e r i n g  i s  3 m i l l i - w a t t  

seconds.  The u n i t  i s  sea l ed  and manufacturers '  d a t a  i n d i c a t e  t h a t  i t  

can  be sub jec t ed  t o  vacuum and temperature extremes and perform r e l i a b l y ,  

Valving 

I n  a l l  concepts considered f o r  t h e  Mark I1 M u l t i v a t o r ,  a system of 

v a l v i n g  and s e a l i n g  i s  required t o  accomplish t h e  fol lowing,  i n  o r d e r  

as  they occur:  

1. t a l d  a s u b s t r a t e  s o l v e n t  supply c a p t i v e  du r ing  t h e  

s ix  morths jourrey between E a r t h  and Mars. 

2 ,  Leave the  twelve test  chambers ltopenl1 t o  r e c e i v e  

d u s t  samples from t h e  s u r f a c e  of Mars. 

3 .  Seal o f f  t h e  t e s t  chambers from each o t h e r  and 

from t h e  Mars atmosphere a f t e r  sample c o l l e c t i o n  

has  been completed. 

4 .  Empty the so lven t  i n t o  each of t h e  f i f t e e n  

chambers (12  t e s t  p l u s  3 con t ro l )  without  

a l lowing t h e  e scape  of contaminants from one 

chamber t o  another .  

5. Maintain a t i g h t  seal  of each chamber du r ing  

t h e  p e r i o d  of sample incubat ion and a n a l y s i s ;  

t h i s  may be as long as a few days b u t  probably 

n o t  less than f i f t e e n  minutes.  

F u r t h e r  design c r i t e r i a  r e q u i r e  t h a t  t h e  v a l v i n g  system have an 

extremely h igh  p r o b a b i l i  :v ;.F func t ion ing  p rope r ly  a f t e r  t he  six-month 

t r i p ,  and t h a t  i t  have i r  xt,emely low p r o b a b i l i t y  of i n t roduc ing  

b a c t e r i a  t o  Mars. T t  e - : -  a l s o  b e  l i g h t  weight,  small i n  s i z e ,  and 
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o f f e r  low back p r e s s u r e  t o  the  a e r o s o l  stream dur ing  sample c o l l e c t i o n .  

The approaches considered f o r  t h e  va lv ing  system ranged from those  

which could va lve  a l l  chambers s imultaneously t o  those which p rov ide  a n  

i n d i v i d u a l  va lv ing  system f o r  each chamber; i n  t h e  l a t t e r  approach, t h e  

m u l t i p l e  valves  might be ac tua t ed  i n d i v i d u a l l y  o r  c o l l e c t i v e l y ,  as  d e s i r e d .  

From both s i z e  and weight viewpoint,  t h e r e  are s t r o n g  arguments i n  

f a v o r  of a s i n g l e  a c t u a t i n g  member t h a t  w i l l  s imultaneously seal  o f f  

m u l t i p l e  passages.  Furthermore, from a r e l i a b i l i t y  viewpoint,  t h e r e  

are advantages f avor ing  t h e  valve t o  be of a non- s l id ing  type.  The 

major disadvantage of such systems i s  t h a t  t h e r e  i s  a p o s s i b i l i t y  of 

leakage between t e s t  chambers. The s u r e s t  way t o  p reven t  t h i s  leakage 

i s  t o  p rov ide  an  i n d i v i d u a l  valving system f o r  each s e p a r a t e  chamber. 

For Concept 1, a s i n g l e  expandible diaphragm w a s  used f o r  s e a l i n g  

o f f  t h e  twelve test  chambers a f t e r  sample c o l l e c t i o n .  Power f o r  

a c t u a t i n g  t h e  diaphragm was a s i n g l e  exp los ive  charge t h a t  served as 

a gas gene ra to r .  An a d d i t i o n a l  squ ib  w a s  used f o r  " f i r i n g "  t h e  s o l v e n t  

from a motor r e s e r v o i r  i n t o  the f i f t e e n  s e p a r a t e  chambers. This  system 

and i t s  advantages and disadvantages are explained on page 1 2 .  For 

Concept 2 ,  a s i n g l e  moving member was used which simultaneously s e a l e d  

o f f  t h e  twelve t e s t  chambers a f t e r  being a c t u a t e d .  I n  t h i s  case, t h e  

moving member c losed  down upon, and pinched, s e p a r a t e  en t r ance  and ex i t  

tubes  f o r  each chamber. For t h i s  Concept, t h e  design o b j e c t i v e s  included 

a requirement f o r  i n d i v i d u a l  solvent  s u p p l i e s  f o r  each of t h e  f i f t e e n  

chambers; s o  t h e  design included f i f t e e n  s e p a r a t e  r e s e r v o i r s  t h a t  could 

b e  t r i g g e r e d  simultaneously t o  f i l l  t h e  chambers. Concept 2 had t h e  

two major advantages over Concept 1, of p rov id ing  complete i s o l a t i o n  

between chambers as w e l l  a s  a s e p a r a t e  s o l v e n t  supply f o r  each chamber. 

The advantages and disadvantages of Concept 2 are explained on page 

1 7 .  

Concept 3 a l s o  r e q u i r e s  s e p a r a t e  so lven t  r e s e r v o i r s  f o r  each 

chamber as i n  Concept 2, 

I n i t i a l  s t u d i e s  were along t h e  l i n e  of having a s i n g l e ,  two s t e p ,  

a c t u a t i n g  member t h a t  woulc' s imultaneously a c t u a t e  t h e  seals t o  t h e  d u s t  

p o r t s  f o r  t h e  twelve t e s t  chambers and then fo l low through t o  simultaneously 
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f i f t e e n  s o l v e n t - f i l l e d  bellows t o  i n j e c t  t h e  s o l u t i o n  i n t o  t h e  chamber. 

I n  e f f e c t ,  t h e  design incorporated a n  i n d i v i d u a l  v a l v i n g  system f o r  

each chamber u s i n g  a common mechanical a c t u a t o r ,  Power sources  f o r  

t h e  a c t u a t o r  considered most s e r i o u s l y  were e i t h e r  c o i l e d  sp r ings  o r  

bel lows motors. 

The un la t ch ing  mechanisms f o r  t h e  s t o r e d  p o t e n t i a l  energy of 

s p r i n g s  seemed t o  have no g r e a t e r  r e l i a b i l i t y ,  f c r  comparable s i z e ,  

t han  bellows motors.  Bellows motors were s e l e c t e d  as power sources  

and i t  w a s  decided t o  USE, several. in p a r a l l e l  t o  g a i n  redundancy. This 

l i n e  of reasoning l e d  to .the present design of Concept 3 ,  where a s e p a r a t e  

bellows motor i s  used t o  a c t u a t e  the va lv ing  f o r  each i n d i v i d u a l  chamber. 

T h i s  new design i s  explained i n  d e t a i l  on page 18. 

Determixstion of the S i z e  of the Compressed Bubble i n  t h e  React ion Chamber 

A l l  of t h e  Mul t iva to r  concepts considered r e q u i r e  t h a t  so lven t  be 

i n j e c t e d  i n t o  a s e a l e d ,  a tmosphere-f i l led r e a c t i o n  chamber. No a t t empt  

i s  made t o  vent  t h e  chamber as i t  i s  f i l l e d .  I n s t e a d ,  t h e  a i r  i n  t h e  

chamber i s  compressed i n t o  a small bubble ,  W e  a s s u m e  t h a t  t h e  presence 

of t h e  bubble w i l l  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  f l o u r e s c e n t  l i g h t  

measurements e 

The o b j e c t  of t h i s  invest-igati.cn w a s  t o  determine t h e  s i z e  of 

t h e  r e s i d u a l  gas bubble i n  the r e a c t i o n  chamber. Experimental measure- 

ments were taken,  and t h e i r  magnitude v e r i f i e d  from t h e o r e t i c a l  

c o n s i d e r a t i o n s .  The experimental appa ra tus  c o n s i s t e d  of a 1/16 T . D .  

p l a s t i c  tube f i l l e d  wi th  l i g h t  o i l  and t h e  d a t a  given below w a s  taken 

f o r  a range of va lues  of e x t e r n a l  p r e s s u r e :  

P r e s  s u r e  Bubble Length P r e s  s u r e  
(mm,Hg) ( i n , )  ( p s i  .) 

18 
22 
26 (Martian 

3 1  
39 
56 
67 
94 

120 
760 ( T e r r e s t i a l  

A t mo sphere)  

Atmosphere) 

3 - 0  
2 ,75  
2.50  

.35 
v 43 
e 50 

60 
0 75 

1.1 
1.3 
1 .8  
2 . 3  

1.4 ., 7 

Bubble Volume 
3 

0092 
0084 
007 6 

.0069 
0061 

,0053 
e 0042 
a 0031 
r) 0023 
0004 

l i n  1 



1. 
I, 
I 
I 
I 
B 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 

14.0 

12 .o 

10.0 

8.0 

6.0 

4.0 

2.0 

0 

.002 ,004 .006 

VOLUME ( I N  1 3 

.008 .010 

FIGURE 11. EXPERIMENTALLY DETERMINED RELATIONSHIP BETWEEN 
PRCSSLRE AND BUBBLE VOLUME 

28 



I. 
1 .  
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
8 
1 
I 
I 

From theoretical considerations we have the following: 

If the compression process were adiabatic: 
k PV = constant 

where P is bubble pressure, V is bubble volume, and k, a constant, is 

taken to be 1 . 4 ,  corresponding to a diatomic gas. For bubble pressure 

= 0.5  psi and P = 14.7 psi, we may form the ratio p1 2 
1 

or 

The bubble is compressed to 9% of its original volume. If the compression 

process were isothermal 

PV = constant 

or, forming the appropriate ratio as above 

- -  v 2  p1 - -  
p 2  

or 

'2 0 .5  = 0.035 
V, 14.7 
- = -  
I 

The bubble is compressed to 3.5% of its original volume. 

Thus the gas bubble in the incubation chamber is reduced to 
between 3.5% and 9% of its original volume when the pressure is raised 

from 0.5 psi to 14.7 psi. The compression process is neither adiabatic 

nor isothermal, but as demonstrated experimentally, somewhere in between 

because of heat transfer to the environment. 

2 9  
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Aerosol Generator 

An aerosol generator has been constructed for testing the 

effectiveness of the dust separator. The device, shown in Figures 12 

and 13,consists of a vibrating hopper which drops dust through an 

orifice into the air stream flowing into the Multivator. The aerosol 

generator is small enough to be placed inside a bell jar, with the 

Multivator, during tests at Martian atmospheric pressure. 

Advantages and Disadvantages 

The impeller dust collection scheme offers several advantages. 

There are indications that the impeller works well in thin atmosphere 

since the action primarily consists of impacting particles into the 

reaction chambers. The impeller may be designed to have a slight 

pumping action so that it does not present a significant restriction 

to the aerosol generating device located outside the Multivator. The 

distribution of particles to each of the reaction chambers is expected 

to be independent of package orientation since the forces developed by 

the impeller are much greater than the gravitational forces acting on 

the particles. Only one valved opening is required in contrast to the 

other designs which required two openings. 

The modular design offers distinct advantages. First, the entire 

Multivator becomes potentially more reliable with 15 independently 

operated modules. Second, each of the modules may be filled with 

different types of solvents, thereby increasing the range of experiments 

that can be performed with a single Multivator package. 

explosive charge bellows motors is also advantageous since these are 

compact, low weight actuators requiring little energy for triggering. 

It should be noted that the bellows motors do not rely on residual gas 
pressure to maintain a holding force. Rather, the bellows casing 

permanently deforms and Frwrides a holding force, 

The use of 

The modular desigr is expected to result in lower development costs 

since it is not necessary + Suild a full complement of modules to evaluate 

such factors as reliabilit- c t  the injection mechanism and resistance to 

physical environment, irxhding sterilization. 
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FIGURE 12.  SCHEMATIC OF AEROSOL GENERATOR 
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FIGURE 13. AEROSOL GENERATOR 
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RECOMMENDATIONS FOR FUTURE WORK 

Work f o r  t h e  immediate f u t u r e  should e s s e n t i a l l y  c o n s i s t  of 

p e r f e c t i n g  Concept 3 .  This  involves t e s t i n g  of such mechanisms as 

t h e  d u s t  s e p a r a t o r  and so lven t  i n j e c t o r ,  and examination of r e a c t i o n  

chamber materials t o  determine c o m p a t i b i l i t y  w i th  t h e  s u b s t r a t e s  used. 

Perhaps t h e  most important s u b j e c t  of f u t u r e  work w i l l  be  t h e  

examination of a l l  m a t e r i a l s  used. There are  q u e s t i o n s  r ega rd ing  t h e  

c o m p a t i b i l i t y  of t h e s e  m a t e r i a l s  w i th  t h e  chemicals and s o l u t i o n s  used 

which are  b e s t  answered by a c t u a l  experiment.  There are o t h e r  q u e s t i o n s  

r ega rd ing  the  e f f e c t  of s t e r i l i z a t i o n  and space environment which can be 

answered by t e s t i n g  and l i t e r a t u r e  s tudy.  

when 

done 

s i z e  

The c e n t r i f u g a l  d u s t  s e p a r a t o r  should r e c e i v e  p a r t i c u l a r  a t t e n t i o n  

planning f u t u r e  work. Fu r the r  t e s t i n g  of t h e  s e p a r a t o r  should b e  

a t  Martian a i r  p r e s s u r e  us ing  an  a e r o s o l  stream of known p a r t i c l e  

d i s t r i b u t i o n ,  d e n s i t y ,  and f low rate. 

The sea rch  should cont inue f o r  a s t i c k y  material which can b e  

exposed t o  a space environment, i s  s t e r i l i z a b l e ,  chemically non- reac t ive ,  

and s o l u b l e .  Cons ide ra t ion  should a l s o  be given t o  t h e  p o s s i b i l i t y  of 

r e t a i n i n g  d u s t  i n  t h e  r e a c t i o n  chambers by means of e l e c t r o s t a t i c  

a t t r a c t i o n .  

Some means must be found f o r  ensu r ing  t h a t  t h e  c o r r e c t  q u a n t i t y  

of d u s t  sample i s  depos i t ed  i n  t h e  r e a c t i o n  chambers. Too much d u s t  

w i l l  r e s u l t  i n  a t u r b i d  s o l u t i o n  wi th  consequent a t t e n u a t i o n  of t h e  

f l o u r e s c e n t  l i g h t  and l i g h t  s c a t t e r i n g  i n  u n d e s i r a b l e  d i r e c t i o n s .  Too 

l i t t l e  d u s t  w i l l  produce an  u n r e l i a b l e  r e a c t i o n .  A p o s s i b l e  means f o r  

c o n t r o l l i n g  t h e  d u s t  c o l l e c t i o n a n d  d e p o s i t i o n  p e r i o d  would be based on 

g e n e r a t i n g  an  e l e c t r i c a l  s i g n a l  corresponding t o  t h e  p a r t i c l e  concentra-  

t i o n  of t h e  incoming a e r o s o l  stream u s i n g  t h e  l i g h t  s c a t t e r i n g  e f f e c t .  

T h i s  s i g n a l  can be i n t e g r a t e d  with r e s p e c t  t o  t i m e  and t h e r e f o r e  serve 

a s  an  i n d i c a t i o n  of t he  amount of d u s t  passed i n t o  the  r e a c t i o n  chambers. 

T e s t i n g  of t h e  Concept 3 Mul t iva to r  w i l l  very l i k e l y  l ead  t o  

r e f inemen t  of t h e  p re sep t  mechanical des ign .  For example, t h e r e  i s  a 

p o s s i b i l i t y  t h a t  a locking t ape r  on t h e  va lve  p i n  can e l i m i n a t e  t h e  
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spring that keeps the valve seated during solvent injection. 

Consideration must also be given to providing access to the reaction 

chambers for installation of the substrate after the Multivator has 

been assembled and sterilized. Testing of the explosive-charge bellows 

motors will be necessary in order to determine operating characteristics 

and verify consistent performance. 
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